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functionalities, the first compound having a p- 
hydroxyalkylamide functionality of 3 and the second 
compound having a p-hydroxy-alkylamide functionality 
of * 3 , as a crossl inker in the preparation of powder 
5 coatings, 

8. Use according to claim 7, characterized in that the 
first compound has a functionality of 4 and the 
second compound has a functionality of 2. 

9. Powder coating composition, crosslinker and use 

10 according to any one of claims 1-8, characterized in 

that the first compound having a (3-hydroxyalkylamide 
functionality of 3 is a compound according to 
formula (II): 

15 HO-H 2 C-H 2 C O O CH 2 ~CH 2 -OH 

X N-C-(CH 2 ) 4 -C-N / (II) 
HO-H 2 C-H 2 C / Ns ^CH 2 -CH 2 -OH 

10. ..Powder coating composition, crosslinker and use 

20 according to any one of claims 1-9, characterized in 

that the second compound having a p-hydroxyalkyamide 
functionality of * 3 is a compound according to 
formula (IV): 

25 O CH 2 - CH 2 - OH 

)i / 

CH 3 - C - N (IV) 
N CH 2 - CH 2 - OH 

11. Use of a powder coating composition according to any 
30 one of claims 1-4 or 9-10. 

12. A coated substrate, characterized in that the coating 
material is a powder coating according to any one of 
claims 1-4 or 9-10. 
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CLAIMS 

1. Powder coating composition comprising as a binder a 
polymer with free carboxylic acid groups and as a 

5 crossl inker a compound containing !3-hydroxyalkylamide 

groups, characterized in that the crosslinker 
comprises a combination of at least two compounds 
containing B-hydroxyalkylamide groups and each 
compound having different (3-hydroxyalkylamide 
10 functionalities, the first compound having a (5- 

hydroxyalkylamide functionality of * 3 and the second 
compound having <3-hydroxyalkylamide a functionality 
Of i 3. 

2. Powder coating composition according to claim 2, 
15 characterized in that the first compound has a 

functionality of 4 and the second compound has "a 
functionality of 2. 

3. Powder coating composition according to any one of 
claims 1-2, characterized in that the weight ratio 
between the first compound to the second compound is 
from 90:10 and 10:90. 

4. Powder coating composition according to any one of 
claims 1-3, characterized in that the polymer is a 
polyester and/or polyacrylate. 

25 5. Crosslinker for the preparation of a powder coating, 
characterized in that the crosslinker comprises a 
combination of at least two compounds containing 
B-hydroxyalkylamide groups and each compound having 
different p-hydroxyalkylamide functionalities, the 

30 first compound having a (5-hydroxyalkylamide 

functionality of fc 3 and the second compound having a 
p-hydroxyalkylamide functionality of i 3. 

6. Crosslinker according to claim 5, characterized in 
that the first compound has a functionality of 4 and 

35 tne second compound has a functionality of 2. 

7. Use of a combination of at least two compounds 
containing J3-hydroxyalkylamide groups and each 
compound having different £-hydroxyalkylamide 



20 



WO 94/03545 PCT/NL93/00155 

- 10 - 



The powder coatings according to Examples I, II 
and Comparative Example A were electrostatically applied 
to steel panels and cured, during 15 minutes, at 180°C. 

The blister limit was determined via 
5 electromagnetic induction (see the already cited ttisev. 
Powder Coatings, pp. 295-296). 



TABLE II 

10 Example blister limit in jim 



I 120 

II 140 
A 105 

15 



In I, II and A the reverse impact strength (160 
inchpound), the acetone resistance (more than 100 rubs 
full curing), the flow (good, visually determined) and the 

20 gloss were good. 

The powder coating compositions according to the 
present invention having the specified combinations of 0- 
hydroxyalkylamides at a constant amount of benzoin yielded 
coatings having a desirable higher blister limit. The 

25 coatings obtained using the powder coating compositions 
according to the present invention also retained the 
desired mechanical properties. 
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Example II 

The preparation of a powder coating based on a 
two- and a four-functional B-hvdr oxvalkvlamide 

Example I was repeated, use being made of the 
5 listed ingredients in the following amounts by weight 
(Table I). 

TABLE I 

10 parts by weight 

Uralac P845™ 571 

Primid XL 552™ 15 

n-acetyl diethanol amine 14 

15 Ti0 2 300 

Resiflow PV-5™ 9 

Benzoin 2.5 



20 Comparative example A 

The preparation of a powder coating based on a 
four -func tional /3-hvdr oxvalkvlamide 

The procedure of Example 1 was repeated, to make 
powder coatings from the ingredients listed in the 
25 following table A in the indicated amounts by weight* No 
acetyl diethanol amine was added. 

TABLE A 

parts by weight 



30 



Uralac P845™ 570 

Primid XL 552™ 30 

Ti0 2 300 

35 Resiflow PV-5™ 9 

Benzoin 2.5 
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stabilizers and catalysts can be added to the coating 
systems. 

Suitable pigments include, for example , 
inorganic pigments such as titanium dioxide , zinc 
5 sulphide, iron oxide and chromium oxide, and organic 
pigments such as azo compounds. 

Suitable fillers include, for example, metal 
oxides, silicates, carbonates and sulphates. 

Compositions according to the invention can be 
10 used as coating agents for metal, wood and plastic 

substrates. Examples are general-purpose industrial top 
coats, top coats on machinery and equipment, in particular 
top coats on metal, for example for tins, domestic and 
other small equipment, cars and the like. 
15 The invention will be elucidated with the 

following, non-restrictive examples and comparative 
example. 



20 Example I 

The preparation of a powder coating based on a 
combinat ion of a two- and a four-functional J3-hvdroxv- 
alkvlamide 

In an extruder (Werner & Pfleider, 2SK 30) 570.5 
25 parts by weight of a carboxyl-f unct ional polyester resin 
(Uralac P845 PM ; DSM Resins B.V. ) with an acid number of 35 
mg KOH/g-were mixed at 130°C with 20.5 parts by weight of 
Primid XL 552™ (compound according to formula (II); Rohm & 
Haas), with 9 parts by weight of n-acetyl diethanol amine 
30 (compound according to formula (IV)), with 300 parts by 

weight of titanium dioxide (Kronos CL 310™), with 9 parts 
by weight of flow-promoting agent (Resiflow PV-5™, 
Worlee), and with 2.5 parts by weight of benzoin. 

After cooling, the extrudate was subjected to 
35 granulation and fine grinding to a particle size of 90 ym. 
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diol, 1 , 2-butanediol , 1 , 4-butanediol , 1 , 3-butanediol , 2,2- 
dimethyl-1 , 3-pr opanediol (= neopentyl glycol), 2,5- 
hexanediol , 1, 6-hexanediol , 2 , 2-[ bis (4-hydroxycyclo- 
hexyl ) ]pr opane , 1 , 4-dimethylol cyclohexane , diethylene 
5 glycol, dipropylene glycol and 2 , 2-bis [ 4- (2-hydr oxy- 

ethoxy) ]phenylpr opane and smaller amounts of polyols such 
as glycerol, hexanetriol, pentaerythr itol , sorbitol, 
trimethylol ethane, trimethylol propane and tris(2- 
hydroxyethyl ) isocyanurate can be used. Preferably, the 
10 alcohol component contains at least 50 mol% of neopentyl 
glycol and/or propylene glycol. 

Additional suitable compounds for reacting with 
polycarboxylic acids include monoepoxides such as, for 
example, ethylene oxide, propylene oxide, monocar boxyl ic 
15 acid glycidyl ester (for example Cardura E10™; Shell) or 
phenyl glycidyl ether. 

The polyesters are prepared, using methods known 
per se, by ester if ication or transester if ication, 
optionally in the presence of customary catalysts such as, 
20 for example, dibutyl tin oxide or tetrabutyl titanate, a 
suitable choice of the preparation conditions and of the 
COOH/OH ratio yielding end products with an acid number 
between 15 and 150* 

Compounds according to formula (I), (II), (III) 
25 and (IV) and methods for making them, are described in, 
amongst others: US-A-4727111 , US-A-4788255 and EP-A- 
322834. The complete disclosures are incorporated herein 
by reference. 

The preparation and testing of the powder 
30 coating can take place in a customary manner, for example 
as described in Misev, Powder Coatings; Chemistry and 
Technology (Wiley and Sons, 1991) pp. 225-226. 

If desired, the powder coating can also contain 
mixtures of polyesters and polyacrylates . Furthermore, 
35 other resins , such as, for example, an epoxy resin, can 
also be included in the powder coating composition. 

Of course, all the standard additives such as, 
for example, pigments, fillers, flow-promoting agents, 
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a-£-methylene glutaric acid, unsaturated anhydrides, such 
as, for example, maleic anhydride, itaconic anhydride, 
acrylic anhydride and methacrylic anhydride. The polymer 
usually also consists of copolymer ized esters of 
5 (meth)acryl ic acid, such as, for example, methyl 

methacrylate , butyl acrylate, 2-ethyl hexyl acrylate or 
acrylonitr ile , styrene and other ethylenically unsaturated 
compounds. 

Suitable polyesters can be obtained via standard 
10 preparation methods from essentially aromatic poly- 

carboxylic acids, such as, for example, phthalic acid, 
isophthalic acid, terephthalic acid, pyromellitic acid, 
trimellitic acid, 3,6-dichloro phthalic acid, tetrachloro 
phthalic acid, or, if obtainable, the anhydrides, acid 
15 chlorides or lower alkyl esters thereof. Usually the 

carboxylic acid component is composed at least of 50% by 
weight, preferably at least 70 mol %, of isophthalic acid 
and/or terephthalic acid. Exemplary procedures are 
described in said reference of Misev at pages 144-162. 
20 The polycarboxylic acids used can also be cyclo- 

aliphatic and/or acyclic polycarboxylic acids such as, for 
example, tetrahydro phthalic acid, hexahydr o-endomethylene 
terephthalic acid, hexachloro tetrahydrophthalic acid, 
azelaic acid, sebacic acid, decane dicarboxylic acid, 
25 dimer fatty acid, adipic acid, succinic acid and maleic 
acid, in amounts of up to not more than 30 mol%, 
preferably up to not more than 20 mol%, of the total of 
carboxylic acids. Hydroxy-carboxylic acids and/or, 
optionally, lactones such as, for example, 12-hydroxy- 
30 stearic acid, E-capr olactone and the hydroxypivalic acid 
ester of neopentyl glycol can also be used. In minor 
amounts, monocar boxylic acids such as, for example, 
benzoic acid, ter t-butylbenzoic acid, hexahydro benzoic 
acid and saturated aliphatic monocar boxylic acids can also 
35 be added during the polyester preparation. 

Furthermore, especially suitable in the 
polyester preparation are aliphatic diols such as, for 
example, ethylene glycol, 1 , 2-pr opanediol , 1 , 3-pr opane- 
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10 



Compounds according to formula (V) are also very 
suitable as compounds having a functionality of i 3: 

O CH 2 - CH 2 - OH 

H - C - (V) 
CH 2 - CH 2 - OH 

The weight ratio in the crosslinker between is 
preferably between 90:10 and 10:90 and more preferably 
between 80:20 and 20:80. This ratio depends on the 
functionality of the polymer with free carboxylic groups. 

Usually the average functionality of the polymer 
is between 1.7 and 4.5 and preferably between 2.3 and 3.5. 
The weight ratio of the crosslinker to the 
15 polymer is usually between 10:90 and 3:97, more preferably 
between 20:80 and 3:97. 

The acid number of the polymer containing 
carboxyl groups is preferably between about 15 and about 
150 mg KOH/gram resin, in particular is between about 20 
20 and about 70 mg KOH/gram resin. 

The glass transition temperature, Tg, is 
preferably between about 30°C and about 80°C and in 
particular ranges between about 35 °C and about 65°C. 

The viscosity at 165°C (Emila, D = 17.6 s- 1 ) is 
25 preferably between about 100 and about 1000 dPas and in 
particular ranges between about 100 and about 800 dPas. 

Said parameters influencing powder coating 
properties and the determination of these parameters is 
decribed at pages 175-199 and 284-300 of Powder Coatings, 
30 Chemistry and Technology by Misev (Wiley and Sons, 1991). 

Preferably, the polymer that contains carboxyl 
groups is a polyester and/or a polyacrylate. 

Examples of preferred monomers for polyacrylates 
that can be incorporated in the main chain of the polymer 
35 are unsaturated monocar boxyl ic acids, such as, for 

example, acrylic acid, methacrylic acid and crotonic acid, 
unsaturated dicarboxylic acids, such as, for example, 
maleic acid, 2-methyl maleic acid, itaconic acid, and 
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or hydroxy (C 1 -C 2 )-alkyl . 

Preferably, the first compound having a |3- 
hydroxyalkylamide functionality of fc 3 is a compound 
according to formula (II): 

5 

HO-H 2 C-H 2 C O 0 CH,-CH,-OH 

^N-C-(CH 2 ) 4 -C-N (II) 
HO-H 2 C-H 2 C CH 2 -CH 2 -OH 

10 Very suitable compounds having a p-hydroxyalkyl- 

amide functionality of s 3 are compounds according to 
formula (I) having a p-hydroxyalkylamide functionality of 
* 3 or compounds according to formula (III): 



15 O 

u 

A — C — N — 



35 







R 2 


R3 *] 


« 


\ 


C - 


C - OH 


l 




R 2 


J 



(III) 



wherein formula (III) A represents a monovalent group as 
20 defined for formula (I), where R 1 , R 2 and R 3 also have the 
same meaning as in formula (I), and where m = 1 or 2. 

According to a further preferred embodiment of 
the invention in formula (I): 

A is an alkyl group with (1-10) carbon atoms , 
25 R 1 represents 2-hydroxyethyl or hydrogen, and 

R 2 and R 3 are independent of one another hydrogen 
or hydroxy (C x _C 2 )-alkyl • 

Preferably, the second compound having a f$- 
hydroxyalkylamide functionality of 5 3 is a compound 
30 according to formula (IV): 

O CH 2 - CH 2 - OH 

CH 3 - C - (IV) 
CH 2 - CH 2 - OH 



Preferably, the functionality of the second 
compound having a functionality of ^ 3 according to 
formula (I) is 2. 
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- A represents a mono- or polyvalent organic 
group derived from a saturated or unsaturated alkyl group 
with 1-60 carbon atoms (for example ethyl, methyl, propyl, 
butyl, pentyl, hexyl , heptyl , octyl , nonyl , decyl, 
5 eicosyl, triacontyl, tetracontyl, pentacontyl and 

hexacontyl); an aryl group, such as for example phenyl, 
naphthyl ; a trialkylene amino group with 1-4 carbon atoms 
per alkylene group, for example trimethylene amino and 
triethylene amino; or an unsaturated residue with one or 
10 more alkenic groups (-OC-) with 1-4 carbon atoms, such 

as, for example, ethenyl , 1-methyl ethenyl, 3-butenyl-l , 3- 
diyl and 2-propenyl-l , 2-diyl , carboxy-alkenyl group, for 
example 3-carboxy-2-pr openyl group, an alkoxy carbonyl- 
alkenyl group with 1-4 carbon atoms, such as, for example, 
15 3-methoxy carbonyl-2-pr openyl group? 

- R 1 represents hydrogen, an alkyl group with 1- 
5 carbon atoms (for example methyl, ethyl, n-propyl, 
n-butyl, sec, butyl, tert. butyl and pentyl) or a hydroxy- 
alkyl group with 1-5 carbon atoms (for example 2-hydroxy- 

20 ethyl, 3-hydroxypr opyl , 2-hydr oxypropyl , 4-hydroxybutyl , 
3-hydroxybutyl , 2-hydr oxy-2-methylpr opyl , or the hydroxy 
derivatives of the pentyl isomers); 

- R 2 and R 3 are the same or different and each 
independently represents hydrogen or a straight or 

25 branched alkyl group with 1-5 carbon atoms, while one of 
the groups R 2 and one of the groups R 3 may also form, 
together with the adjacent carbon atoms, a cycloalkyl 
group, such as, for example, cyclopentyl and cyclohexyl ; 
R 2 and R 3 may also be hydroxyalkyl groups, such as, for 

30 example, hydroxy (C 1 -C 5 )-alkyl groups, hydr oxymethyl and 
1-hydroxyethyl , being preferred among the latter and 

- the p-hydroxyalkylamide functionality is 3. 
Preferably, the functionality is 4, 
According to a further preferred embodiment of 

35 the invention in formula (I): 

A is an alkyl group with (1-10) carbon atoms, 
R 1 represents 2-hydr oxyethyl or hydrogen, and 
R 2 and R 3 are independent of one another hydrogen 
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the cured powder coating at a temperature of 200°C for a 
prolonged period of time (for example between 30 and 60 
minutes). This discolouration upon excessive curing 
(yellowing on overbake) increases with the amount of 
5 benzoin, A lower amount of benzoin, on the other hand, 
results in a lower blister limit, such as lower than 60 
Jim, which results in surface defects. 

The object of the invention is to provide a 
powder coating composition in which it is possible to use 

10 a small amount of benzoin, for example between 0.05 and 
0.8 wt.%, to obtain the highest possible blister limit, 
for example higher than 120 //m. Of course, the powder 
coatings must also retain good mechanical properties, such 
as, for example, good gloss, toughness and impact 

15 resistance and chemical properties such as for example a 
good chemical resistance. 

The invention is characterized in that the 
crossl inker comprises a combination of at least two 
compounds containing JE-hydr oxyalkylamide groups and each 

2 0 compound having different p-hydroxylalkylamide 

functionalities, the first compound having a p-hydroxy- 
alkylamide functionality of 3 and the second compound 
having a p-hydr oxyalkylamide functionality of * 3. 

The functionality stands for the average number 

25 of p-hydroxyalkylamide groups per molecule. 

As a result, powder coatings are obtained in 
which the blister limit has been raised considerably while 
the desired mechanical and chemical properties are 
retained. 

Suitable compounds containing B- 
hydroxyalkylamide groups and having a functionality of h 3 
can be depicted structurally according to formula (I): 



30 



35 



R 3 R 
HO - C - C 



0 o 
II // 

-N-C-A-C-N- 

» \ 



^ R 3 R 2 Jm R 1 R 3 



R 2 R 3 
C - C - OH 



(I) 

/n 



where: 
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POWDER COATING COMPOSITION WITH HYDROXYALKYLAMIDE CROSSLINKER 



The invention relates to a powder coating 
compost ion comprising as a binder a polymer with free 
carboxylic acid groups and as a crosslinker a compound 
containing fl-hydroxyalkylamide groups. 

10 A powder coating comprising a co-reactable 

mixture of an amorphous carboxylic acid group containing 
polyester and a 0-hydroxyalkylamide is known from EP-A- 
322834. The composition described in this application is 
cured - after application to a substrate - by heating the 

15 powder to 160-200°C so that the powder melts, forming a 
smooth layer. At that temperature the coating is 
chemically crosslinked due to an esterif icat ion reaction 
between the acid groups of the polymer and the hydroxy 
groups of the compound containing B-hydroxyalkylamide 

20 groups. According to EP-A-322834, a de-gasifying agent, 

benzoin (0.5 to 3% by wt. of the powder composition), may 
be added to the composition. A de-gasifying agent is 
needed to ensure that the air and/or water entrapped due 
to melting of the powder (during a curing cycle) are 

25 removed from the paint layer as a result of the reaction. 
Any gas bubbles that remain in the coating reduce the 
adhesion of the coating to the substrate and markedly 
adversely affect the protection obtainable with the 
coating. 

30 Although coatings of this composition are 

characterized in EP-A-322834 as having good physical 
properties, such compositions are unsuitable for preparing 
a white or crystal-clear coating because the powder 
coating exhibits some degree of browning after curing, as 

35 indicated in Mercurio, New Perspective on Hydroxyamide 
Crosslinkers , 16th International Conf. in Org. Sci. and 
Tech. 235-49 (Athens, Greece 1990). 

Also, browning appears to intensify upon heating 
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